Mineral element compositions of Baobab fruit and seed have been determined using Instrumental Neutron Activation Analysis. Total of 18mineral elements were determined of which 10 are not normally reported using other methods. The concentrations of heavy metals were: Arsenic < 0.06 and < 0.04, Mercury < 0.04 and < 0.04 Hg and Cadmium < 0.08 and < 0.04 respectively for the seeds and the fruit. The average concentration of trace elements in the seed were; Aluminium (11.50 µg/g), Barium (17.3 µg/g), Bromine (2.45 µg/g), Cobalt (0.07 µg/g), Copper (28.6 µg/g), Iron (<42 µg/g), Iodine (<0.04 µg/g), Manganese (17.7 µg/g), Sodium (23.53 µg/g), Vanadium (0.035 µg/g), and Zinc (12.06 µg/g), while the average concentrations of Aluminium (27.74 µg/g), Barium (13.10 µg/g), Bromine (3.01 µg/g), Cobalt (0.08 µg/g), Copper (14.9 µg/g), Iron (26.05 µg/g), Iodine (0.27 µg/g), Manganese (7.05 µg/g), Sodium (52.06 µg/g), Vanadium (0.08 µg/g), and Zinc (0.79 µg/g) were determined for the dried fruit pulp. The mineral concentrations of the baobab fruit and seed were characterized with high concentration of potassium, calcium, magnesium and substantive amount of chlorine [K (21350 µg/g), Ca (3170 µg/g), Mg (2310 µg/g) and Cl (211 µg/g), for the fruit pulp and K (12240 µg/g), Ca (2360 µg/g), Mg (4720 µg/g) and Cl (88.6 µg/g), for the seed]. The fruits and seeds present useful source of mineral needs for the indigenous African community where the trees are found and may be recommended as food supplement due to high content of calcium, magnesium and potassium.
Introduction
Sidibe and Williams [1] indicated that, the African baobab and its related species belong to the family Bombacaceae and the genus Adansonia and that baobab is generally regarded as fruit-bearing forest tree. The physical description of the baobab tree is mostly characterized by its massive size, reaching to a height of about 18 -25 m and producing a rounded crown and showing a stiff branching habit. The trunk is swollen and stout, up to 10 m in diameter. The Baobab trees are generally reported to be found in countries of Southern Africa, such as Botswana, Mozambique, Namibia, South Africa and Zimbabwe [2] and other African countries including Ghana. In Ghana the distributions of Baobab treesin Saakpuli; Northern region of Ghana were described as forming an outstanding floral feature of the landscape of Saakpuli by [3] in his Archeological studies of the area. The studies further enumerated a number of uses for all parts of the baobab tree; while the powder from the dried fruit is either eaten raw or prepared into porridge to be serve as breakfast, the seed is fried and grounded into powder and used in preparing soup (just as ground nuts). The root and the bark are used for medicinal purposes including chest diseases. Other literatures [4] [5] [6] have reported on the native usage and application of baobab as food and medicine; the Baobab fruit pulps in a form of powder are dissolved in water in order to prepare drinks. For most traditional medicinal applications, the Baobab fruit drink is generally recommended for pregnant women and in some instances used in preparation of Major 
baby food for baby's nourishment [4] . Galil and Tal-Dia et al. [5, 6] independently demonstrated in 1996 and 1997 respectively, that an aqueous solution made from baobab fruit pulp was more effective than the traditional "WHO solution" for rehydration of children affected with diarrhea. The multipurpose nature of the baobab tree had been recognized by the Forestry Department of the Food and Agriculture Organization of the UN (FAO) to issue information on the species [7] and have since attracted the International Centre for Research in Agro forestry (ICRAF) also to continue promote its use as a multipurpose species.
However, reviewed literatures have revealed a great variation in reported values of nutritional contents of baobab parts. Many reasons had been assigned to these variations [8] ; he further recommended that, more attention should be given to accuracy and precision of the analytical methods employed for the analysis in order to streamline critical comparison and analysis. It is on this basis that Instrumental neutron Activation Analysis was employed for more accurate and independent (mineral analysis free from pre-chemical treatment or addition) elemental analysis of Baobab seed and fruit pulp in order to inform proper regulation or proportionate usage or supplement recommendation.
Instrumental Neutron Activation Analysis (INAA) is a method for the determination of elements and its quantity (relative concentration), based on the conversion of stable nuclei to radioactive nuclei through nuclear reactions using a suitable neutron source (isotopic neutron source, accelerator neutron source and reactor neutron source). Suitable (appropriate irradiation scheme) activation followed by the instrumental detection (measurement) of the reaction product(s) of the analyte and the calibration standard may enable detection and quantification of over 20 minerals (elements). Particular advantages to the application of INAA for the analysis of baobab fruits and seeds include; samples do not have to undergo any chemical treatment; this would eliminate possible external contamination. INAA is a technique for multi-element determination and above all provides elemental sensitivities capable of measuring major, trace and ultra trace down to part per billion levels [9] , hence more mineral elements are likely to be detected and quantified.
Despite the numerous literatures reporting on the chemical, nutritional values, and health properties of baobab, there were scanty literatures on the analysis of Baobabs(the fruits or the seed) found in Ghana (we found no data on those found in Ghana). More so, few elemental compositions of the Baobab (fruits or seeds) were reported by the available literatures [1, [10] [11] [12] . This work provided a full mineral composition of Baobab fruits and seeds and reported on as many mineral (elements) as were detected. We discussed the major benefits of the mineral elements with respect to traditionally recommended food sources for their nutritional values.
Materials and Method

Sampling and Sample Preparation
Ten Baobab trees were sampled at random at Bondunia Community adjacent to Navrongo Secondary School a suburb of Navrongo Township, Northern Region of Ghana. The samples were then bag into black plastic polyethylene carrier and transported to Ghana Research Reactor-1 (GHARR-1) laboratory. At the laboratory, dried Baobab pods were washed with distilled water to remove any particulate matter which might have accumulated on pod and dried in the lab for two days. The dried pods were then cracked open with kitchen knife and the fruit content (lumped) scooped from the pod. The seeds were thoroughly washed with distilled water to dissociate the fruit particle from the seed to ensure separate and independent analysis without cross contamination. Each (the fruit lumps and the seeds) were blended to smooth powder using kitchen blender (with titanium blade).
200 mg each of the samples and control materials (National Bureau of Standards (NBS), Standard Reference Material (SRM) 1572 Citrus Leaves) were weighed (6 replica each) and wrapped in a transparent polyethelene film to be irradiated for short-live, medium-live and long-lived radionuclide(s) (elements). The samples were further encapsulated into irradiation capsules and heat sealed for neutron activation (irradiation).
Irradiations, Counting, Spectrum Evaluation and Quantitative Analysis
All the samples together with sample controls NBS SRM 1572, Citrus leaves, were irradiated in the Miniature Neutron Source Reactor (MNSR), Ghana Research Reactor-1 (GHARR-1). The irradiations were done under an average neutron flux of 5.0 × 10 11 n cm −2 ·s −1
. Table 1 represents the nuclear data and irradiation scheme used for the elemental determination in this work. An irradiation time of 5 minutes were applied for the determination of short lived radionuclides (elements), 1 to 4 hours for the determination of medium-lived and long-lived radionuclides.
Gamma spectrometry measurement of induced radio nuclide(s) were performed by a PC-based γ-ray spectrometry set-up. It consists of an N-type High purity Germanium detector (HpGe-coaxial type) coupled to a computer based multi-channel analyzer (MCA) via elecronic modules. The relative efficiency of the detector is t Co source. The data acquisition and identification of γ-rays of product radionuclide(s) were identified by their γ-ray energy (ies) via ORTEC MAESTRO-32.
Gamma spectrum evaluation and quantitative analysis of each sample and control were done by multipurpose γ-ray spectrum analysis software; WinSPAN-2010 version 2.10 which works on the basis of relative comparator methodology.
Result and Discussion
Nutritional Composition of Baobab Fruit Pulp and Seed
The range of reported values for National Bureau of Standards (NBS: Citrus leaves) as shown on Table 2 indicates an average accuracy of about ±10% in terms of the relative deviation from the certified values (certified values of constituent elements on the certificate sheet). Table 3 indicates the elemental content of baobab dried fruit pulp and seed compared to other elemental results obtained from [1, [10] [11] [12] . The average range of concentrations of the elements detected in this work compares very well in most cases with other works, however, there were a number of disparities for which Chadare et al. [8] have associated to soil type, geographical location of the baobab, probable genetic effect, sample quality, analytical method employed, etc. However, this method has been able to determine concentration of over 10 more mineral elements for Baobab fruits and seeds in addition to what are normally reported using other methods [14, 15] and this is significant for mineral element data base of Baobab fruits and seeds. In all about 18 elements were detected and quantified in which 11 are found in traces, 5 found as major component and 3 as heavy metal. The heavy metals were found to be <0.06 for As, <0.04 for Hg and <0.08 for Cd in the seed sample and <0.04 As, <0.04 Hg and <0.04 Cd in the dried fruit pulp. The virtual absence of these heavy metals (even if they exist, might be within the recommended limit) is welcoming news for users and continual use of the fruit without any risk of heavy metal contaminations or any adverse health complications.
As many as 11 trace elements were detected and quantified accordingly. The average concentration of trace elements in the Baobab seeds were; Al (11.50 µg/g), Ba (17.3 µg/g), Br (2.45 µg/g), Co (0.07 µg/g), Cu (28.6 µg/g), Fe (<42 µg/g), I (<0.04 µg/g), Mn (17.7 µg/g), Na (23.53 µg/g), V (0.035 µg/g), and Zn (12.06 µg/g); and Al (27.74 µg/g), Ba (13.10 µg/g), Br (3.01 µg/g), Co (0.08 µg/g), Cu (14.9 µg/g), Fe (26.05 µg/g), I (0.27 µg/g), Mn (7.05 µg/g), Na (52.06 µg/g), V (0.08 µg/g), and Zn (0.79 µg/g) were determined and quantified for the dried fruit pulp. The presence of minerals in all body tissues and fluids, and its necessity for the maintenance of certain physicochemical processes which are found to be essential to life as well as the important roles it plays in many activities in the body had been discussed by Malhotra [16] . This work is intended to discuss in brief, the importance of minerals detected in the baobab fruit in relation to availability (other food sources able to provide similar min-eral) of these mineral in the food of the local indigenes.
These elements are necessary chemical elements that are needed in minute quantities for the proper growth, development, and physiology of an organism. Some notable importances of these trace elements are described below:
Despite the fact that, trace elements are needed by organisms for proper functioning, a number of them require the presence of others. Together they work in composite unit to achieve optimal results (absorption into the blood stream). For example copper is essential for zinc, iron and vitamin C functioning. Copper together with iron and zinc is responsible for releasing energy in the cells [17] and contributes to proper functioning of many antioxidants. Copper has been found to be not only responsible for collagen productions, but also the absorption of iron, regulation of cholesterol level and production of neuro active chemicals. Iron together with other major nutrients (Ca, Mg, K etc.) are need for red blood cell formation in order to release energy in muscles, in other words zinc is very necessary for the body in varieties of ways including manufacturing of DNA, wound healing, maintaining strong immune system for fighting cold, flu, and other infections [18] .
The Baobab dried pulp was also found to contain iodine in substantive amount (0.27 µg/g). Iodine is needed to make thyroid hormones, which are necessary for maintaining normal metabolism in all cells of the body, a number of reports also suggests that, iodine may have a number of important functions in the body unrelated to thyroid function that might help people with a wide variety of conditions [17] . Manganese like other trace elements enables the body to utilize vitamin C, B1, biotin as well as choline. Hays and Swenson [19] demonstrated and discussed manganese deficiency effect or defects in animals; however deficiency disease or symptoms are quite unknown in humans.
Magnesium has been identified as an active component of several enzyme systems in which thymine pyrophosphate is a cofactor. It is also found to be a constituent of bones, teeth, and enzyme cofactor [20] . One other significant observation about the baobab fruit and seed was the fact that the average sodium (23.53 µg/g; seed and 52.06 µg/g; fruit pulp respectively), bromine (2.46 µg/g for seed and 3.01 µg/g for fruit pulp) and aluminium (11.50 µg/g for seed and 27.74 µg/g for fruit pulp) contents of the baobab were relatively low, this is a further indication that the baobab may generally be good for consumption by all including obese and diabetic people. One other micro nutrient detected in the baobab seed and the pulp was vanadium (0.04 µg/g and 0.09 µg/g respectively for seed and fruit pulp). In a study [21] involving both diabetic and non-diabetic rats, vanadium compounds were shown to increase bone formation without any adverse health effects. Vanadium is known to have a role in the regulation of sodium and the metabolism of glucose and sugar. It has also been shown to promote bone health without negative side effect. However, other literature [22] indicates that the essentiality of vanadium in man had been hypothesized without demonstration.
Four elements were found in major compositions; Cl (211 µg/g), K (21350 µg/g), Ca (3170 µg/g), and Mg (2310 µg/g) for pulp and Cl (88.6 µg/g), K (12240 µg/g), Ca (2360 µg/g), and Mg (4720 µg/g) for the seed.
Major mineral elements in Baobab have been compared [23] to fruits sources like; avocado, apricot (dried), spinach, banana etc., and food sources like; bread, yoghurt, milk and spinach etc. which have indicated that, the baobab fruits and seeds have more mineral content especially magnesium and potassium. These rich mineral component of Baobab fruit and seed may not only be of particular interest to makers of products for vegetarians and vegans, but also baobab's high potassium content may be of particular interest to makers of sports and fitness products. The relatively high magnesium content found in the baobab fruit and the seed indicates that the Baobab, may be a good food supplement for people with bone, heart and high pressure diseases symptoms as magnesium has been linked to bone health, heart health and lowering of high blood pressure [23] . Potassium is also important for many aspects of health including the nervous system and muscle function. Generally one experiences loss of chloride in association with sweating and/or diarrhoea after an excessive vomiting. The only possible explanation to the fact that baobab aqueous solution performed much better than "WHO solution" for rehydration of children affected with diarrhea [5, 6] , may be attributed to the relatively high content of chlorine in baobab fruit pulp which replenish the loss of chlorine in the body as a result of vomiting or sweating during diarrhoea.
Without mentioning the specifics and their relative quantities, natural sources of these trace elements may include but not limited to; beef, liver, crab, milk, peanut butter, seafood, lamb, turkey ham, pork chicken, eggs, oyster, dried beans, split peas, fortified cereals, wheat germ, brown rice, oatmeal, bran flakes, banana, sunflower butter, chocolate, tuna etc. However, these sources are either unavailable or quite expensive to the indigenous African communities in which Baobab trees are found and hence Baobab might be the main (or cheapest) source of these all important micro and macro nutrients.
The very many macro and micro nutritional contents of Baobab fruit pulp and seed makes them very useful for making food products like: fruit smoothies, breakfast cereals, healthy snacks, ice creams, jams, sauces, sports and fitness food, vitamin and mineral fortification mixes
